(SAU) which reaches a tertiary GER of almost 30%. For most other countries with primary enrolment rates below 80% for which data is available, tertiary education does not reach more than 5%, with only Oman (OMN), Nigeria (NGA) and Yemen (YEM) indicating somewhat higher rates of 10-15%. Under these conditions, it cannot be expected that, ultimately, the brightest students effectively make it into the higher education system. We can also examine this nexus more directly by directly relating enrolment rates to tertiary education quality.
Figure 1 about here
However, this initially requires a reflection on how to define, and, ultimately, measure higher education quality. Here we will consider tertiary education quality from two perspectives: (a) the (perceived) quality of universities, and (b) the outcomes of the system in terms of research and inventions.
To measure the quality of universities, we use two alternative university rankings, the Shanghai Ranking (Liu and Cheng 2006) and the Times Ranking (THES 2006) . These two rankings primarily differ with respect to the consideration given to research prizes and medals, in particular Nobel prizes (highly weighted in the Shanghai Ranking) and the consideration of peer assessments (highly weighted in the Times Ranking). Both alternatives have some disadvantages: medals and prizes because they do not refer to current, but to much earlier work, and because they are more common in some disciplines (e.g. natural sciences) than in others, and peer assessments because they may be themselves endogenous to the publication of ranking lists. Another difference between the two rankings is that the Shanghai Ranking classifies the best 500 universities worldwide, while the Times Ranking only considers the first 200. Within the listed universities, we employ the following weights (as far as applicable): top 20: weight 10; 21-100 weight 5, 101-200: weight 4; 201-300 weight 3, 301-400: weight 2, and 401-500: weight 1. The country level variable is finally computed by summing up the corresponding weights for all listed universities of any given country. For both rankings, we use the average value over several years for the Shanghai Ranking, and 2004+06 for the Times Ranking). With respect to outcomes in terms of research and inventions, we use the number of researchers and the number of patents granted to residents. This data is available from the World Bank's (2006) World Development Indicators and the WIPO (2006) database respectively. Note that in order to account for country size, all tertiary quality indicators are expressed per million of residents. Figures 2 and 3 present the relationship between secondary net enrolment ( Figure 2 ) and tertiary gross enrolment ( Figure 3 ) for all four of these indicators. While the picture is not always very clear, the overall impression is again that a minimum enrolment threshold has to be exceeded in order to reach significant positive outcomes at the tertiary level. With respect to secondary education, this empirical threshold appears to lie at about a NER of 80%. We can conclude from this section that quality and quantity are closely related through the selection process. Nevertheless, a direct focus on quality is required to complement the analysis.
The correlation of quality at different levels of education
In order to directly compare quality at different levels of education, we now also have to introduce an indicator of secondary (and or primary) education quality. Both conceptually and with respect to data availability, this is a much easier task than at tertiary level as there exist international agreements on these issues, implemented in various internationally comparative student assessments. We will confine ourselves to the secondary level here, but look at student achievement in several major disciplines. A well suited indicator based on recent student assessments is provided through the PISA studies (see OECD 2001 and 2004 as well as OECD and UNESCO-UIS 2003 . 2 The Programme for International Student Assessment (PISA) was launched by the OECD in 2000 and relies on internationally comparable achievement tests for 15-year old students in OECD member countries and about 15 additional lower-and middle income countries (depending on the year of assessment). The tests were constructed such that in three different subjects (reading, math and science) students should be able to show their ability not only to have acquired basic knowledge of certain important facts, but, more importantly, to apply their knowledge to relevant tasks in everyday life. Unfortunately, the PISA assessments cover only a selection of the countries covered in the previous section, primarily the industrialized member countries of the OECD and some additional middle income countries. At the same time, this renders the countries observed more homogeneous in terms of educational quantity (enrolment) which may ease the interpretation of the bivariate quality comparisons below. Figures 4 and 5 present the results of our bivariate graphical analysis. With respect to tertiary education quality, Figure 4 only uses the data of the Shanghai Ranking and compares this to PISA student achievement in math ( Figure 4A ), science ( Figure 4B ) and reading ( Figure 4C ). The overall picture resembles the one obtained with respect to enrolment. In math, in particular, we again obtain the lower right triangle filled with data points, just as before in Figure 1A and B. It seems that a certain quality of secondary education is a necessary, but not a sufficient condition for tertiary education quality, and that the chances for having positively listed universities start rising from about 450 PISA math points onwards (450 corresponds to half a standard deviation below OECD average). With respect to reading, the graph suggests a secondary performance threshold at again a PISA score value of about 450. With respect to reading, the picture is slightly less clear. Continuing with PISA math scores on the x-axes, Figure 5 presents the three alternative indicators of tertiary education quality. Despite some differences in the ranking of individual country cases, the Times Ranking provides the same overall impression as the Shanghai Ranking, and similar results can also be found when looking at the number of researchers or patents. The triangle appears most clearly with respect to researchers. Generally, we can thus conclude that there is an obvious positive relationship between the quality of secondary and tertiary education. While there is some evidence for a necessary minimum level required with respect to reading, the relationship with respect to math is smoother. While many countries do not show high level tertiary education quality despite high student achievement in secondary, for those reaching the maximum for given secondary quality, i.e. for those countries at the left of the triangle, the relationship seems to be approximately linear.
In a further step of the analysis, we will now examine whether the results obtained so far remain valid if we consider several explanatory variables of tertiary education quality simultaneously. We will do so in a simple ordinary least squares regression framework. Let us initially examine once again the effect of enrolment at different levels on tertiary education quality as measured by the Shanghai Ranking. If we regress this quality variable on any of the enrolment variables, the relationship is significant, but only as long as there are no higher level enrolment variables introduced in the regression model simultaneously. This confirms that the impact of lower level enrolment on tertiary education quality works indeed indirectly via the selection process to enrolment at higher levels. Higher level enrolment is always a more direct and thus more precise predictor. The share of variance explained by the model (R²) indicates the increase in explanatory power when adding higher level enrolment variables. In a model with only the primary NER, the R² is 7.5 (Regression 3), when adding secondary NER it is 13.5 (Regression 2), and when also including tertiary GER it becomes 31.9 (Regression 1). The impact of tertiary GER remains significant when adding GDP per capita as an additional control variable. We also attempted to use tertiary education expenditure alternatively, but this makes us lose many observations due to missing values. Moreover, GDP per capita captures not only the ability of a country to finance its education system, but also (at least partially) complementary factors like the availability of infrastructure, the attractiveness for foreign students and researchers, etc. which we also wish to control for as far as possible. We estimate this final specification for the three alternative tertiary education quality variables as well, and results appear relatively robust in that the tertiary GER is significant in all regressions, but regression 5, and GDP per capita in all regressions, but regression 7. Table 1 indicates that an increase of tertiary GER by 1 percentage point does not only lead to a substantially higher chance of a highly ranked university, but also, on average, to an increase of the number of researchers by about 30 and the number of patents by about 1 (for each million of residents). If, instead of enrolment, we consider secondary education quality as measured by the PISA country average scores in mathematics, we obtain a strong relationship with tertiary education quality as well which is statistically significant at the 10% level in three out of four regressions (Table 2 , Regressions 1,4,7 and 10, of which regression 1 is the only one to show no significant result). In fact, the PISA math scores appear to be a more robust predictor of tertiary outcomes than our control variable GDP per capita, because the PISA scores are more often significant than GDP in all models where both variables are introduced simultaneously into the regression. On average, the additional number of researchers and patents per million people in a country with a one standard-deviation (i.e. 100 points) higher PISA math scores is 1311 and 96 respectively. Perhaps surprisingly, the effects are even stronger when considering the PISA reading score. With respect to the science score, results are the least robust. While the impact of the PISA science score is more pronounced than the impact of the math score with respect to patents and researchers, it is not even significant for the university rankings. Note, however, once again, that the inclusion of the PISA scores leads to a considerable reduction of the number of observations. This also implies that models with additional control variables tend to show less clear and little robust results. In particular, if we include enrolment rates in addition to the achievement variables, neither of the variables (including GDP per capita) is significant at least in a majority of regressions any more. However, the PISA math score and the PISA reading score remain significantly positive (at the 10% significance level) with the Times Ranking as the dependent variable, and the PISA science score remains significant with respect to the number of patents (not shown here). Table 2 about here 4. The impact of heterogeneity between secondary schools on tertiary education quality While we have so far considered overall enrolment and average educational achievement in the different countries covered by our data, it remains to be examined how selection into different schools and the potential quality differences among the latter influence tertiary education quality. By introducing some variables indicating heterogeneity between schools, we will now discuss whether the available evidence calls for an approach in which equal quality is offered to all students, or, given budget restraints, whether selectivity and particularly good schools for at least some students is conducive to higher tertiary education outcomes. To examine this question, firstly, we will again use the PISA data which allow us to determine the so called "coefficient of intra-class correlation" (rho) from the micro-level information on each individual student. This coefficient is defined as:
Rho=Var. between schools / (Var. between schools+Var. within schools).
It varies from 0 to 1, and indicates the extent to which differences between schools determine the overall differences between the students in a given country. The concept is usually applied to student achievement (i.e. test scores, as e.g. in OECD 2001 OECD , 2003 OECD and 2004 , but can also be used in the context of other student characteristics, such as, in particular, students' socioeconomic background (for a more detailed discussion, see Michaelowa and Bourdon 2006) . The PISA data include information on the economic, social and cultural status (ESCS) of each student, and this variable is used here to compute an alternative indicator of heterogeneity between schools. We thus obtain two different Rhos, one referring to performance based differences between schools, and another one referring to socio-economic differences. In countries in which ability grouping takes place, i.e. in countries in which students with homogeneous abilities are grouped together in one school, schools will be very different from each other in terms of student achievement and the test score related Rho will be close to one. In countries, in which the selection into different schools takes place on the basis of socioeconomic background, the ESCS based Rho will be close to one. In both cases, we will have a strong distinction between "better" schools, which benefit from positive peer effects and, in addition, tend to attract special educational effort and financial support, and more basic schools in which the environment is much less conducive to learning. On the contrary, in countries where the Rhos are closer to zero, all schools will be rather similar, and no such segregation will take place. Table 3 shows the results of regressions of our four different variables of tertiary education quality on GDP per capita, the PISA math score, and the different Rhos.
Table 3 about here
Unfortunately, we again face the problem of small observation numbers which make it difficult to obtain significant and robust results. Our variables of interest are significant only in the regressions of the number of researchers (Regressions 5 and 6). Here, however, results are very pronounced, indicating that strong heterogeneity between secondary schools leads to a considerably reduced number of researchers. The average gain in the number of researchers per million of inhabitants is about 2800 when moving from a country with very high to a country with very low ability based grouping in secondary schools. And when moving from a country with high socio-economic segregation to a country with no marked socio-economic differences between schools, the gains are even higher, in fact almost three times as high (about 8000). This suggests that, at least in this particular context, concentrating efforts on selected schools with homogeneous groups of students instead of equally treating all schools might be problematic. And the negative effect appears to be particularly strong if selection and preferential treatment is not effectively based on ability grounds, but on socio-economic selection mechanisms. This leads us to the second issue to examine in the context of secondary education inequalities and their impact on tertiary education. Socio-economic selection mechanisms are often conceived to be related to the type of school funding and organization (private versus public). Table 4 provides some evidence on the effect of private schooling. Another non-performance based selection mechanism potentially detrimental to higher education quality and not considered so far is gender based selection. Thus, to complete the analysis in this section, Table 4 also provides some results with respect to gender inequalities. Let us examine the latter first. They are displayed in Regressions 1 and 2. Gender inequalities in secondary education are reflected by the absolute difference between the gender ratio in net secondary enrolment and 1 (i.e. the ratio indicating that both genders are represented in equal proportions). While a simple bivariate regression of tertiary education quality on gender inequality shows the expected negative effect, this effect is not apparent any more once GDP per capita and/or any enrolment rate is controlled for. It appears that gender inequality, i.e., typically, girls' under-representation in secondary schools, is so closely linked to the economic development status of a country that any distinct effects are difficult to discern. While results are presented only for the Shanghai Ranking as the dependent variable, they turn out to be identical for our alternative indicators of tertiary education quality. More interestingly, with respect to private secondary education, we do find some significant effects, but these effects turn to different directions. While our results suggest a significant negative impact of a high percentage of private secondary enrolment on the number of researchers, we also observe a significant positive effect on the Times University Ranking (at least at the 10% level). The negative effect of private secondary enrolment on the number of researchers seems to be in line with the negative effect of heterogeneous schools discussed above. However, the positive effect on the university ranking suggests that the impact of private enrolment is more complex in nature.
Table 4 about here
Indeed, while selection effects (typically with respect to socio-economic background rather than pure ability) are a typical feature of education systems which rely on private education, other factors such as increased competition between schools may lead to positive educational outcomes. The general debate about the effect of private schooling on educational outcomes is far from conclusive, and we will not be able to conclude it here when looking at quality effects across different level of education. To go into more detail with respect to this interesting question, at least a distinction between private organization and private financing would be warranted. However, this is beyond the scope of this study.
Conclusions
In this paper, we provided an initial analysis of the linkages between primary and secondary schooling on the one side, and tertiary education on the other side. We started with the observation that the existence of such linkages is probably undisputed, but that the extent to which they are relevant and sometimes even the direction of the expected effects remain largely unknown. We then examined the empirical evidence available for such linkages through the graphical illustration of bivariate relationships as well as some basic multivariate regression analysis. Our results suggest that certain minimum levels of enrolment at primary and secondary level represent a necessary condition for the development of functioning higher education. For relevant participation rates at university level, a net primary enrolment rate of 80% seems to be the minimum required. Similarly, about 80% of secondary net enrolment typically seems to be the minimum to develop higher education institutions with the potential to be listed in international university rankings, to employ a considerable number of researchers and to develop significant new ideas (as measured by the number of patents). Whether the linkage between different levels of education appears like a threshold or a smother relationship, it always appears that at the higher end of educational outcomes at the lower level, there is considerable variation with respect to outcomes at the next higher level. This underlines that even though certain lower level outcomes seem to represent a necessary condition for higher level outcomes, they represent by no means a sufficient condition. Another relevant result of our analysis is that differences between educational institutions at secondary level may be detrimental for tertiary education quality. At least with respect to the number of national researchers, this effect appears to be very pronounced and strongly significant. The strongest effect arises when students are selected in different types of schools conditional on socio-economic background rather than pure ability. The average difference in the number of researchers between a country with strong socio-economic segregation and a country with no such segregation is about 8000 researchers per million of inhabitants. It could be expected that socio-economic segregation and its negative effect on tertiary education quality is particularly strong in secondary education systems with high private enrolment. However, it appears that results for private enrolment rates are ambiguous. It seems that there are more aspects to be considered in the context of private enrolment than just socio-economic segregation, even though this may be one major problem to deal with. In particular, private schools can increase competition and thereby enhance the incentives for the provision of an effective education system. Moreover, it is not clear what "private enrolment" actually stands for in different country contexts. In some cases, the term may be related merely to financing, in other cases to organizational autonomy. A more detailed discussion of the relationship between secondary enrolment and tertiary outcomes requires this distinction. However, this was beyond the scope of this initial analysis.
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